Conclusions: Form 2728 does not accurately reflect the renal pathology diagnosis as captured by biopsy. The large degree of missing data and misclassification should be of concern to those performing epidemiologic research using Form 2728 information on glomerular diseases.
I
ndividual glomerular diseases are rare, yet combined they account for approximately 10% of ESRD in the United States (1), creating a large burden of morbidity, mortality, cost, and loss of quality of life (1) . Epidemiologic research of glomerular diseases is limited due to the rarity of individual disease types, the difficulty in correctly diagnosing them, and the lack of accurate disease data. Most epidemiologic studies rely upon biopsy results for accurate disease information (2) (3) (4) .
Approximately 95% of patients with incident ESRD in the United States are eligible for Medicare coverage. To document ESRD and justify payment from Medicare, the primary cause of renal failure and other medical information is collected at the time of ESRD onset on Medical Evidence Form 2728. The form is completed by a physician and reported to a regional ESRD Network, which collaborates and shares data with the United States Renal Data System (USRDS). These data are incorporated into the USRDS data analysis files and used in research of ESRD patients, including those with glomerular disease (5) (6) (7) (8) (9) (10) (11) . Previous research has analyzed the validity of the comorbidities section of Form 2728, revealing under-reporting of almost all conditions compared with medical records, with sensitivities 50% or less for 11 of the 17 comorbid conditions considered (12) . These results suggest that Form 2728 may be inaccurate in the reporting of medical information.
Form 2728 currently lists 70 International Classification of Diseases, Clinical Modification (ICD-9-CM) codes in 8 disease categories representing "the only acceptable causes of end stage renal disease," from which the physician must select the most appropriate cause of ESRD for the patient. If there is more than one condition present, the instructions indicate the physician is to select the primary cause of ESRD. The validity of USRDS "primary cause of renal failure" codes relative to renal biopsy has not been evaluated. If the USRDS database is to be used as a proxy for the gold standard of renal biopsy in the research of ESRD in glomerular disease patients, it is necessary that the agreement between them be measured and understood.
Materials and Methods

Data Sources
The Glomerular Disease Collaborative Network (GDCN) was established in 1984 as an organization of nephrologists throughout the southeastern United States. In 1985 it established registries of patients with glomerular diseases (vasculitis, lupus nephritis, and membranous glomerulopathy, with focal segmental glomerulosclerosis, IgA nephropathy, and others added later) whose renal biopsies were evaluated and confirmed at the University of North Carolina (UNC) Nephropathology Laboratory. Private practices, hospitals, and academic centers throughout the southeastern United States send renal biopsies to the UNC Nephropathology Laboratory for evaluation. Patients whose renal biopsies result in a diagnosis in one of the GDCNЈs disease registries are contacted through their referring physicians, and longterm consent is obtained from them for inclusion in the registry and related research studies (13) (14) (15) (16) (17) (18) (19) .
The GDCN contained 1286 biopsies representing 1157 individuals between March 1979 and May 2000. Of these patients, 337 were known to have reached ESRD, as defined by initiating dialysis or receiving a pre-emptive renal transplant, and were included in our sample. Biopsies of transplanted kidneys were excluded. Identifying information, including name, birth date, and social security number (where available, as it was not collected originally by the GDCN) were transmitted to ESRD Network 6 (including North Carolina, South Carolina, and Georgia) and matched with their corresponding Form 2728 by Network 6 staff. The "primary cause of renal failure" code was extracted and linked with the GDCN biopsy results.
Date of ESRD was determined from the Form 2728 date listed with ESRD Network 6. Where this date was missing, date of first dialysis or transplant on record with the GDCN was used as ESRD onset.
This analysis was approved by the UNC Biomedical Institutional Review Board.
Statistical Analyses
The gold standard classification was created by three clinicians (two nephrologists and one pathologist) assigning an ICD-9-CM code from the Form 2728 list of conditions corresponding most closely to potential renal biopsy results.
Gold standard, individual disease diagnosis codes, and also diagnosis categories, from the renal biopsy primary diagnosis, were compared with the reported Form 2728 codes and categories on file with Network 6. Values missing on Form 2728 were retained as incorrect matches, but additional analyses were restricted to individuals with "nonmissing" Form 2728 values. Percentage of agreement, both for individual diseases and within disease categories, was calculated as an overall measure of accuracy of the database. Percentage of agreement was stratified by several variables-sex, race (white versus black), ESRD onset resulting in dialysis versus transplant, biopsy performed before or after ESRD onset, primary nephrologist at UNC versus other, and Form 2728 filed before 1995 or during or after 1995-and compared using 2 tests.
Because of controversy and disagreement regarding classification of antineutrophil cytoplasmic autoantibody-associated (ANCA-associated) vasculitis (20) , Wegener granulomatosis (WG) (which is a Form 2728 option) was considered separately from other forms of vasculitis and collapsed into the "vasculitis and its derivatives" category.
To test the accuracy of individual diagnosis codes, patients were categorized as having or not having the disease according to renal biopsy as the gold standard, and Form 2728 (individuals with missing values retained). For those diseases with more than ten affected individuals by biopsy report, sensitivities, positive predictive values (PPV), and false positive (FP) rates (1 Ϫ specificity) were calculated. Because of the sampling frame (see Figure 1 ), true negatives were under-represented, as those who reached ESRD without the need for a biopsy (e.g., primary hypertension and diabetes) would not be eligible for inclusion in the sample. Thus, specificity could not be accurately calculated. False positives are also under-represented by our sampling structure, as nonglomerular disease patients labeled as having the particular glomerular disease under investigation would not be included in the sample. We therefore assume that those with nonglomerular diseases would very rarely be labeled as having a glomerular disease requiring a biopsy for diagnosis. The FP rate and PPV is thus conditional on the fact that a patient has a biopsy-confirmed glomerular disease (21) .
All analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC).
Results
Matching resulted in 227 successful matches of GDCN ESRD patients' renal biopsies to Form 2728. A failure to match may have resulted from name changes where social security number was not available or the patient's Form 2728 may have been filed in a different ESRD Network, as the GDCN has a broader geographic reach than Network 6. Ten patients were excluded because of their biopsies being performed on a renal allograft, resulting in 217 patients for analysis. Patients were predominantly white and were evenly split between men and women (see Table 1 ). Biopsies were performed an average of 1.8 years before onset of ESRD (SD 3.1 years). Thirteen percent (n ϭ 30) had a secondary diagnosis listed on the biopsy report, with two patients having two secondary diagnoses.
Overall percentage of agreement between biopsy report and Form 2728 was 14.8% for individual diseases and 23.0% for disease categories. Percentage of agreement for individual diseases and categories did not differ by sex, race (white versus black), whether the patient's primary nephrologist was a UNC physician, or whether the biopsy was performed before or after the initiation of dialysis (see Table 2 ). There were only five patients whose initial ESRD treatment was transplant, making comparison of transplant and dialysis patients impractical. Agreement was better after 1995, when administrative changes to the form updated the list of potential diagnoses (5) (see Table  3 ). This improvement is due to both a reduction in missing Form 2728 diagnoses (63.1% missing before 1995; 45.1%, missing during or after 1995) and more agreement in stated codes among the nonmissing (27.1% correctly matched before 1995, 42.2% correctly matched during and after 1995).
When all ANCA vasculitis was grouped into one category, agreement improved to 16.6% overall, 38.7% among the nonmissing. Of those labeled "vasculitis and its derivatives" on Form 2728 (n ϭ 68), 6% had WG on biopsy. Of those labeled WG on Form 2728 (n ϭ 10), none had a biopsy finding consistent with non-WG ANCA vasculitis.
The validity of five individual glomerular diseases was estimated (see Table 4 ): WG, systemic lupus erythematosus, focal segmental glomerulosclerosis, membranous nephropathy, and amyloidosis. Sensitivity tended to be very low for all diseases (Յ0.30), whereas PPV were high (Ͼ0.90), except for WG (PPV ϭ 0.38), indicating that for any one of these diseases, a stated , but the vast majority of patients with the disease in question were not labeled as such on the form (either because the wrong diagnosis was labeled or the field was left blank). False positive rates were very low (Յ0.02) for the sample (see Table 2 ), indicating that a low proportion of other glomerular disease patients were incorrectly labeled as having ESRD caused by one of these diseases. The validity of three disease categories was analyzed: glomerulonephritis (GN), neoplasms/tumors, and secondary GN/ vasculitis. For GN, sensitivity was low (0.37), as was the PPV (0.56), indicating that many true GN patients were not labeled as such on Form 2728, whereas many of those labeled as having GN, in fact, did not have biopsy results consistent with GN. The false positive rate was high (0.16), indicating that many patients in our sample from other disease categories were incorrectly labeled as having GN-caused ESRD on Form 2728. Secondary GN/vasculitis and neoplasms/tumors categories had similar results: very low sensitivity (0.17 for both), high PPV (Ն0.95), and low false positive rates (Յ0.01).
Discussion
Accurate disease information is crucial for valid research, and the process by which disease information is stored in data sources must be understood and considered carefully. In 1995, the list of conditions attached to Form 2728 was updated, dropping and combining some diagnoses. These adjustments impacted the reporting of glomerular diseases, evidenced by sharp increases in the number of focal segmental glomerulosclerosis and other glomerular diseases reported in 1995 and thereafter (5), demonstrating that changes in Form 2728 reporting can alter disease classification in the USRDS database. This may have a substantial effect on research using USRDS data on glomerular diseases.
Our results suggest that the "primary cause of renal failure" field on Medical Evidence Form 2728 is not a reliable proxy for renal biopsy results for glomerular diseases. It does not appear that biopsy results are generally considered while completing Form 2728, as agreement does not change whether or not there was a biopsy performed previous to ESRD onset. There are several potential explanations for these discrepancies, including physician error, lack of available biopsy data, and causes more proximal to ESRD than renal histopathology.
Form 2728 must be submitted to the local ESRD network within 60 days of ESRD onset. The form may be completed by a physician without direct knowledge of the patient or access to the patient's medical records. Of those labeled "glomerulonephritis (histologically not examined)" (n ϭ 19), 95% had a renal biopsy performed before filing of Form 2728, indicating biopsy results may not be considered or accessed while filling out Form 2728. In cases of sudden kidney failure, a biopsy may not have been performed at the initiation of dialysis. A very large proportion (57.1%) of the sample was missing a cause of ESRD code on Form 2728. In many cases, this may be because the physician had no access to biopsy information or patients' medical histories.
There may also be factors contributing to ESRD etiology other than glomerular pathology. Causality of a complex condition like ESRD can be difficult to define, having numerous components particular to an individual (22) . The potential causes of ESRD listed on Form 2728 contain a mixture of renal pathologies, systemic disorders, and other risk factors for ESRD. It is possible for a patient to have multiple conditions which contributed to his/her ESRD. Etiologically, the underly- ing pathology may not always be the most direct cause of ESRD, and biopsies in this sample were performed up to 13.6 years before ESRD, allowing time for the development of additional conditions. Form 2728 is then not designed to specifically capture histopathology, but rather, the physician's best interpretation of the "primary" cause. This current study has limitations in its generalizability. Our sample was taken from a limited geographic region. Also, as our sample is not representative of the entire spectrum of ESRD causes, the sensitivity and negative predictive value for diseases and categories could not be calculated. Also, the PPV depends on the assumption that those with nonglomerular diseases in USRDS would not be labeled as having a glomerular disease. If this assumption is not met, the calculated PPV would overestimate the true PPV.
This analysis only considers 2728 Forms completed before 2001. Electronic medical records have become more widespread in the past decade, allowing easier access to prior health information in many cases. This may have had an effect on the accuracy of Form 2728 reporting since the data in this study were collected. Although current reporting practices may be different, this analysis represents patients whose information is still present in the USRDS databases used by researchers, and the inaccuracies present in them must be considered, particularly among those missing cause of ESRD. The proportion of new ESRD patients with missing diagnoses on Form 2728 has decreased substantially over time (1) , yet our results suggest that a large proportion of glomerular disease patients may still be missing a diagnosis code. Additional investigation of this discrepancy is needed in additional patient populations and in more recent data to detect changes in reporting which may have occurred over the past decade, and to investigate the generalizability of these results.
Research of glomerular diseases using USRDS data must consider the effect of these missing and misclassified diagnoses. In addition, research of nonglomerular diseases using Form 2728 data should consider the potential of misclassified glomerular disease patients labeled in other disease categories. Our results suggest that research of glomerular diseases in the USRDS database may be subject to substantial information bias, and those analyzing and interpreting USRDS data should be very aware of the potential misclassification. Additionally, physicians responsible for completing Form 2728 should be vigilant in ensuring they are accurate, realizing they provide valuable research opportunities for these devastating diseases. 
